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Abstrat
We present a simple model with string absorption and perolation to desribe
the J/ψ suppression in heavy ion ollisions. The NA50 data are fairly well
explained by the model.
It was reently argued that entral distributions, in transverse energy ET or multipli-
ity n, are dominated by utuations in the number ν of elementary ollisions, in the ase
of nuleus-nuleus interations and even hadron-hadron interations at very high energy
[1℄.
In that framework, if the total number of events with ν elementary ollisions is N(ν)
and NC(ν) is the number of events with the rare event C ourring, then [2℄
NC(ν) = αCνN(ν), (1)
where αC is the probability of event C ourring in an elementary ollision. An event is
rare if, in good approximation, it only ours one.
Relation (1) is orret as far as event C is free from absorption [3℄, or from quark-
gluon plasma formation [4℄. This is diretly seen in the observed linear relation between
ET distributions assoiated to Drell-Yan produtions, ND.Y.(ET ), and to minimum bias
events, N(ET ) [2, 5℄.
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However, in the ase of J/ψ prodution, the formed J/ψ may be destroyed by subse-
quent interations, as it moves through the interating medium [6℄, or it may happen that
it is not really formed, as a result of quark-gluon plasma Debye sreening preventing the
cc¯ binding.
In the standard multiollision model dual parton model, [7℄, for instane in every
elementary ollision two oloured strings are originated. These strings onstitute the
medium that may absorb a reated J/ψ (see also [8℄). They may also fuse (perolate) and
form the quark-gluon plasma, thus inhibiting J/ψ reation.
We shall onsider that when ν ollisions our they oupy an interation volume V (ν)
haraterised by a transverse area A(ν) and a mean longitudinal length L(ν),
V (ν) ≡ A(ν)L(ν). (2)
As nulear matter density is uniform, we expet the string density ρs,
ρs ≡
2ν
A(ν)L(ν)
, (3)
where 2ν is the number of formed strings, to be as well uniform. Note that ρs in eq. (3)
is, in general, independent of the interating nulei, but may be energy dependent.
In order to take are of J/ψ absorption we introdue the survival probability Ps(ν) in
the onventional form
Ps(ν) = exp(−L(ν)ρsσ), (4)
σ being the J/ψ-string (qq¯) absorption ross-setion.
Next, we inlude the probability of quark-gluon plasma formation in a very simple
two-dimensional perolation model [9, 10℄. In a ν elementary ollision event there is a
probability Pnp(ν) of perolation not ourring and a probability 1−Pnp(ν) of perolation
ourring. As perolation means here quark-gluon plasma formation, we make the strong
assumption that the J/ψ is formed only in events in whih there is no perolation. This
means that in eq. (1) we shall multiply NC(ν) by Pnp(ν):
NC(ν) −→ NC(ν)Pnp(ν). (5)
This probability Pnp(ν) is in fat a funtion of the saling variable η, the dimensionless
density of strings in the transverse plane,
η ≡ pir2s
2ν
A(ν)
, (6)
where pir2s is the transverse area of a string. Beause of eq. (3), we an also write
η = pir2sρsL(ν). (7)
Reently, in [11℄, the probability Pnp was studied for S-U and Pb-Pb ollisions at√
s = 19.4 AGeV. It an be written in the form
Pnp(η) =
1
exp
(
η−ηc
a
)
+ 1
(8)
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Figure 1: Perolation probability as a funtion of the transverse density η for S-U (open squares) and
Pb-Pb (lled irles) ollisions geometry as obtained from Monte Carlo simulations [11℄. The urves
show ts with Pp(η) = 1 − Pnp(η), see eq. (8); we obtain a = 0.07 ± 0.01 for S-U (dashed line) and
a = 0.04± 0.01 for Pb-Pb (solid line); ηc = 1.15± 0.02
where ηc is the ritial density, ηc ≈ 1.15 for a uniform distribution of strings in the
transverse plane, and a is a parameter whih depends only on the geometry of the olliding
nulei (see Figure 1).
We an now write our nal formula for J/ψ prodution, normalised to Drell-Yan
prodution, R ≡ (J/ψ)/(D.Y.), as
R(ν) = KPs(ν)Pnp(ν) (9)
where K is a normalisation onstant, whih should be lose to 50 from pp ollisions [12℄.
This orresponds to the small ν, small ET limit, with Ps(ν)→ 1, Pnp(ν)→ 1. Validity of
eq. (9) requires J/ψ and Drell-Yan prodution being treated as rare events.
Now we note that, from eq. (4) and eq. (7), we obtain that R is in fat a funtion of
the mean length L only,
R = K exp(−Lρsσ)
[
exp
(
pir2sρsL− ηc
a
)
+ 1
]
−1
(10)
For small values of L, away from perolation, the ratio R in eq. (10) is universal, i.e., does
not depend on the olliding nulei, but it depends, in our approah, on the .m. energy,
through ρs.
Results were presented by the NA50 Collaboration [5℄ on S-U and Pb-Pb ollisions as
funtions of the average interation distane L omputed in a geometrial model [13, 14℄.
In Figure 2a we ompare eq. (10) with the NA50 data. The string radius was xed at the
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Figure 2: The ratio of J/ψto Drell-Yan events as predited by eq. (9), ompared to experimental data
as published by NA50 Collaboration [5, 16℄.
value rs = 0.2 fm, [10℄, whih plaes η for S-U somewhat below the perolation threshold,
and the parameter a at the Pb-Pb value, 0.04. In Figure 2a we have inluded the 1998
data on the ratio R as a funtion of ET , and transformed to L using the NA50 ET vs L
plot [13℄ in the approximate form (valid for Pb-Pb at 19.4 AGeV),
L ≈ 2.07 lnET , (11)
with ET in units of GeV.
The urve shown in Figure 2a orresponds to the following values of the parameters
in eq. (10): ρs = 0.9 fm
−3
, σ = 1.5 mb and K = 58. The string density ρs is, as expeted
[15℄, muh larger than nulear density (ρ ≈ 0.17 fm−3) and the absorption ross setion
agrees with what is measured in J/ψ-hadron ollisions at intermediate energies.
In Figure 2b we present the ratio R as a funtion of ET in omparison with data, by
making use of eq. (11). The agreement is mostly qualitative.
The essential point is that at small ET the behaviour is typial of absorption with
positive urvature at higher values of ET the approah to the perolation transition
produes a hange in the sign of the urvature.
Finally, we present in Figure 3 our preditions for RHIC and LHC energies, ompared
with the urve for SPS. Figure 3a displays eq. (10) with the expeted hange in ρs deter-
mined by the hange in the number of strings given in [10℄, and with the other parameters
(σ, rs) held onstant, In Figure 3b we transformed the urve from the L variable to ET
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Figure 3: The ratio of J/ψ to Drell-Yan events as predited by eq. (9), predited at RHIC energy (dashed
lines) and at LHC energy (dotted lines), ompared with SPS energy (solid lines).
with the onservative assumption that the proportionality between ET and the number ν
of elementary ollision is independent of
√
s. This implies that
ET (L;
√
s) =
ρs(
√
s)
ρs(
√
s0)
ET (L;
√
s0) (12)
and we use eq. (11) for
√
s0 = 19.4 GeV. We see that, as
√
s grows, both the absorptive
part gets larger and the hange of urvature denoting perolation sets in at a muh smaller
value of ET .
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